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SUMMARY 

!the pump-source i n t e n s i t y   d i s t r i b u t i o n   i n s i d e  a c y l i n d r i c a l  dye c e l l   h a s   a p p l i -  
c a t i o n   t o   s e v e r a l   a s p e c t s  of dye-laser  operation: ( 1  i n t e r n a l  power and  energy 
d i s t r i b u t i o n ,  ( 2 )  l as ing   and   coupl ing   e f f ic iency ,  ( 3 )  thermal   and   op t ica l   per for -  
mance, and ( 4 )  pump-source se lec t ion .  The main impetus   for   the  work presented  here  
i s  pump-source se lec t ion .   Spec i f ica l ly ,   the   in te rna l   in tens i ty   and   absorbed-power  
d i s t r i b u t i o n  of a s impl i f ied   hypothe t ica l  dye l a s e r  of c y l i n d r i c a l  geometry is  
calculated.   Total   absorbed power i s  a l so   ca l cu la t ed   and  compared with  laboratory 
measurements of las ing-threshold  energy  deposi t ion  in  a dye c e l l   t o   d e t e r m i n e   t h e  
s u i t a b i l i t y  of s o l a r   r a d i a t i o n   a s  a pump source or, a l ternat ively,   what   modif ica-  
t i o n s ,   i f  any, a re   necessary   to   the   hypothe t ica l   sys tem  for   so la r  pumping. 

INTRODUCTION 

N A S A  research on l a s e r  power transmission i n  space  began i n  1972 and  involved 
severa l   types   o f   l asers  (ref. 1). I n   t h e   l a t e  1970 's  t he  program  focused on the   u se  
of  solar-pumped lasers .   Severa l   p rospec t ive   ac t ive  media f o r   s o l a r  pumping have  been 
i d e n t i f i e d  and inves t iga t ed  i n  t h e  program. One of  these i s  dye. Dyes o f f e r  com- 
pa ra t ive ly  good so la r   spec t r a l   abso rp t ion ,   l a s ing   e f f i c i ency ,   exce l l en t   t unab i l i t y ,  
and low cost .  However, ve ry   l a rge   l i gh t   i n t ens i t i e s   a r e   r equ i r ed   fo r   t he i r   ope ra -  
t ion.  A quest ion of prime  importance  then i s  whether  focused  sunlight  can pump dye 
l a s e r s .  The theory  reported  here ,   a l though  avai lable   for   broader   appl icat ion,  i s  
used   wi th   exper imenta l   da ta   to   p rovide   in format ion   re levant   to   th i s   ques t ion .  

SYMBOLS 

area  element 

a rea  e l emen t  of  dye-tube  surface 

so la r -concent ra t ion   fac tor  

s o l a r   s p e c t r a l  power d i s t r i b u t i o n  

in tens i ty   f rom a p a r t i c u l a r   d i r e c t i o n  

so lar   cons tan t ,  W/mm 

absorbed   in tens i ty   f rom  par t icu lar   d i rec t ion  

de f ined   i n   equa t ion  ( 6 )  

f luorescent   f requency  conversion  factor  

geometr ic   absorpt ion  factor  

length   fac tor  
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concentrat ion 

power e m i t t e d   i n t o   i n t e r i o r ,  W 

power absorbed  from a l l  d i r e c t i o n s  

power absorbed   f rom  par t icu lar   d i rec t ion  

radius   f rom  center  of c y l i n d e r   t o  dA element 

rad ius  of cy l inder ,  mm 

d i s t ance  between dAs and dA, mm 

k e s n e l   t r a n s m i s s i o n   f a c t o r  

volume 

dye-absorpt ion  coeff ic ient ,  mm -1 

wavelengthdependent   absorp t ion   coef f ic ien t  

angle  of so la r   subtense ,   rad ians  

angle  between Ro and R, rad ians  

wave length  

lmer and  upper  bounds of wavelength,   respectively 

spec t ra l   molecular -absorp t ion   c ross   sec t ion  

angle  between Ro and R1, rad ians  

MODEL THEORY 

A long   cy l ind r i ca l  geometry f o r   t h e  dye ce l l  i s  p o s t u l a t e d   f o r   t h e  model. The 
ce l l  i s  surrounded by an   op t ica l   concent ra tor  which c o l l e c t s   s o l a r   r a d i a t i o n   i n   s p a c e  
through a la rge   aper ture   and   d i rec ts   cen t ra l   rays   f rom  the  Sun a t  t h e  ce l l  axis per-  
p e n d i c u l a r   t o  it. The concent ra tor   sur face  i s  d i s t a n t  enough  from the  c e l l  t h a t  from 
any p o i n t  on the   su r f ace  of the   concent ra tor ,   the  ce l l  subtends a smaller angle  (nor- 
mal t o   t h e  ce l l  a x i s )   t h a n   t h a t   o f   t h e   s o l a r   d i s c .  Such concent ra tors  are poss ib le .  
Further   considerat ion of the   concent ra tor  i s  n o t  germane t o   t h e  model presented 
here.  Thus, t he  dye tube i s  bathed  with  uniform  concentrated  sunl ight   over  i t s  
length. A t  any po in t  on the   su r f ace  of t he  dye  tube, l i g h t  i s  incident   through 180° 
i n  any  plane  normal t o   t h e   t u b e   a x i s .   I n  a l l  p l anes   con ta in ing   t he   t ube   ax i s ,   l i gh t  
i s  inc iden t  a t  any p o i n t  on the   tube   sur€ace  a t  angles  of Oo through 0.26O (ha l f   the  
angle   of   solar   subtense y). With t h i s   i d e a l i z e d   b u t   f e a s i b l e  geometry, i n t e n s i t y  
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wi th in   t he  dye ce l l  w i l l  have  only  radial  dependence.  With t e r m  d e f i n i t i o n s   g i v e n   i n  
f i g u r e  1,  t h e   e q u a t i o n   f o r   i n t e n s i t y   w i t h i n   t h e  dye ce l l  can  be  developed as follows: 

With Io inc iden t  on t h e  area element of the  dye-tube  surface as, t h e  
d i f f e r e n t i a l  power e m i t t e d   i n t o   t h e   i n t e r i o r  i s  

d P = I  dA - C O S @  
2 dA 

0 s 2  
R1 

The d i f f e r e n t i a l   i n t e n s i t y  a t  t h e  area element dA i n   t h e  dye i s  

d I  = I Te 0 2 cos  I$ 

R1 

where 

T Fresne l   t ransmiss ion   fac tor  

a dye-absorpt ion  coeff ic ient ,  mm-’ 

dA S = (2Rl t a n  z ) R o  de FJ RIRoy de 

Theref ore, 

- 5  R o  
R1 

d I  FJ I Te - COS I$ y de 0 

I 2yRo 6” Te 

-m 
I 

1 

R 
-FJ 

cos @ de 
0 1 

Expressing Io i n  terms of t h e   s o l a r   c o n s t a n t  E, and  solar-concentrat ion  factor  C 
( r e f .  2)  g ives  

- ESC EsC 
I o  - y 2nY 

w -  

4n s i n  
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and 

-aR 
I cos 4 

E C  7.c 
de = F ( a , R )  

S R1 

The following  approximations  have  been  included  in  the  derivation: 

( 1 )  S c a t t e r e d   l i g h t  i s  neg l ig ib l e .  

( 2 )  Dimensions of t he   concen t r a t ing   op t i c s  are much grea te r   than   the  
tube  radius.  

Now consider  a p a r t i c u l a r   r a d i a l   p o s i t i o n   i n   t h e  dye. Rays of l i g h t  converge 
the re  from 360° i n  a plane  normal t o   t h e   a x i s .  %e i n t e n s i t y   o f   a n y   p a r t i c u l a r   r a y  
(denoted by a prime)  undergoes a d i f f e r e n t i a l   a b s o r p t i o n   i n  a d i s t ance  dR, given by 

dE' = a E ' ( 8 )  dR1 ( 7 )  a 

The power absorbed  from a p a r t i c u l a r   d i r e c t i o n  i s  

dP' = A dE' = a E ' ( 8 )  A d R 1  a a 

dP a 
dV 
" - - a E ' ( 8 )  de  = aEsC F ( a , R )  

e 

Since   a t tenuat ion  i s  wavelength  dependent, 

where E ( h )  i s  t h e   s o l a r   s p e c t r a l  power d i s t r ibu t ion .  
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CALCULATIONS 

In  equation (61, F ( a , R )  w a s  evaluated a t  21 r ad ia l   pos i t i ons   ( f rom  cen te r l ine  
t o  periphery,  2 m m )  and  with 11  dye  concentrat ions  (absorpt ion  coeff ic ient ,  
0 t o  2 mm" 1. (It should  be  noted  that   F(a ,R)  may be  normalized t o  F(aRO,R/RO) 
f o r   a p p l i c a t i o n   t o   o t h e r  laser geometries. 1 The calculat ions  include  assumptions 
t h a t :  ( 1 )  the   index  of   refract ion  of   the dye so lu t ion  i s  1.32, ( 2 )  the  index  of 
r e f r a c t i o n  of the  glass   tube  enclosing  the  dye is 1.5,   and  (3)   ref lect ion a t  t h e  
i n t e r f a c e  of t he   g l a s s   and   so lu t ion  i s  negl ig ib le .  Each da ta   po in t   r ep resen t s   t he  
sum o f   i nc remen ta l   i n t ens i t i e s   f rom  eve ry   d i r ec t ion   i n  a plane  normal t o   t h e  dye-tube 
ax is .  The increment   used  for   the summation was 0.5O, which i s  approximately  the 
angle  subtended by the  Sun. Ac tua l   da t a   va lues   a r e   p re sen ted   i n   t ab l e  I i n  groups 
of  rows and  columns. Each group  corresponds t o  a par t icular   dye-absorpt ion  coef-  
f i c i e n t  a; from top   t o   bo t tom  the   coe f f i c i en t s  are a = 0, 0.2, 0.4, 0.6, . . . , 
2.0 m m - l ,  r espec t ive ly .   Wi th in   each   group  the   va lue   in   the   upper   l e f t   corner  is the  
normalized  intensi ty  a t  the  dye-tube  center l ine ( R / R o  = 0). Successively  larger 
values  of R / R o  (0.05,  0.10,  0.15, . . . ) a r e   r e a d   f r o m   l e f t   t o   r i g h t ,   t o p   t o  bottom, 
i n  each  group. 

The da ta  of t a b l e  I a r e   p l o t t e d   i n   f i g u r e  2. The top  curve  corresponds  to  
a = 0 (no dye present) .   Successively  lower  curves   correspond  to  a = 0.2 through 
2.0 mm-I . 

Spect ra l   va lues  of a( h)  and E (  h )  were  taken  from  references 3 and 4, respec- 
t ively,   and  used  with  values  of F (  a, R )  in te rpola ted   f rom  tab le  I t o   c a l c u l a t e  
absorbed-parer  density dPa/dV a t  21 rad ia l   pos i t ions .   F igure  3 s h w s  dPa/dV 
p l o t t e d   a g a i n s t   r a d i a l   p o s i t i o n  R/RO. F r o m  t o p   t o  bottom,  the  curves  correspond 
t o  4n, 2n, n, and n/2,  respec t ive ly ,  where the  concentrat ion n i s  
1.51 X 1 O1 molecules  per  cubic millimeter, the  dye concentrat ion of the  experiment 
d i scussed   in   the   appendix .   (Here ,   a (h)   var ies   wi th  n a c c o r d i n g   t o   a ( h )  = n O ( ~ ) I  

where a ( h )  i s  the  spectral   molecular-absorpt ion  cross   sect ion.  ! 

The absorbed-power dens i ty  dPa/dV in tegra ted   over   the  volume of the  tube  gives  
the   t o t a l   pa re r   abso rbed  by the  dye.   ?he  integration was performed  numerically  for 
a l l  curves of f i g u r e  3 and was evaluated a t  various dye concentrat ions as follows: 

. .  
I 

Concentration 

n/2 
n 

2n 
4n 

. .  I Concentration 

n/2 
n 

2n 
4n 

I . .  . ~ " 

Power, W 
. - ". .~ 

0.02623C 
.0382 
.05 2C 
.06C 
- ~~ 

DISCUSSION 

The curves  of F(a, R )  i n   f i g u r e  2 shm  expec ted   t rends  a t  the   cen te r l ine   and  
boundary  of t he  dye. A t  t h e   c e n t e r l i n e  ( R / R o  = 01, in tens i ty   decreases   exponent ia l ly  
according t o  

-mO F(a,O) = Te 
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as dye  concentration n increases .  This is caused,  of  course, by higher  concen- 
t r a t i o n s  of  dye absorbing more l i g h t   i n   t h e   o u t e r   p o r t i o n s   o f   t h e  dye before   the  
l i g h t  can  reach   the  center of the  tube.  The i n t e g r a l  form  of  the  normalized 
i n t e n s i t y  (see eq. (6)) reduces  exact ly  t o  the   exponent ia l   form  in   equa t ion  (1  2 )  
a t  t h e   c e n t e r l i n e  where R1 = Ro, T = 0.96, and $ = 0. A t  t he   ou te r  boundary 
( R / R o  = 1 ) the   integral   equat ion  does  not   reduce t o  a simple form, bu t   t he re  i s  a 
more rap id   a t t enua t ion   t award   an   i n t ens i ty  limit which i s  determined by the  amount of 
l i g h t   t h a t  can be  gathered  through  the  tube w a l l .  ( I n   t h e  limit as a becomes very 
l a rge ,   neg l ig ib l e   l i gh t  would come from  the  dye  side  of  the  outer  boundary. ) Calcu- 
l a t i o n s  of t h e   i n t e n s i t i e s  a t  the  outer  boundary were n o t  done  because  of time l i m i -  
t a t i ons   a s soc ia t ed   w i th   t he  computer program.  Rather,  those  intensities  were 
ex t rapola ted   f rom  the   neares t   th ree   da ta   po in ts   o f   each   curve .  

A t  radial  posi t ions  between  the two extremes,  the  most  notable  feature i s  the  
ab rup t   i n t ens i ty   dec rease   nea r  R/RO = 0.7. That   feature  i s  caused by Fresnel 
r e f l e c t i o n   a t   t h e   s u r f a c e  of the  glass   tube.  A t  t hese   r ad ia l   d i s t ances  a range  of 
0 values exists f o r  which the  corresponding  refract ion  angles   are   impossible ,  
meaning t h a t  no l igh t   can   reach  some of t h e   l a r g e r   r a d i a l   p o s i t i o n s  from some po in t s  
on the   su r f ace  of  the dye tube. The g r e a t e r   t h e   r a d i a l   p o s i t i o n ,   t h e   g r e a t e r   t h e s e  
"bl ind"  and  "near ly   bl ind"  areas   are  on the   tube   sur face .  

The da ta  of t a b l e  I are s u f f i c i e n t   t o   i n t e r p o l a t e  F ( a , R )  f o r  a values   only 
a s   l a r g e   a s  2. This limits the  number of  curves i n  f i g u r e  3. If more curves  had 
been   ca lcu la ted ,   the i r   charac te r  would vary  approximately as ind ica ted  i n  f i g u r e  4; 
t h a t  is, va lues   near   the   cen ter l ine  would  begin to   decrease,   and  values  a t  the  
boundary would con t inue   t o   i nc rease .  

None of the  curves  of f i g u r e  3 have  zero  slope  over  extended  lengths. This 
means t h a t   t h e r e  is  no  absolutely  uniform  energy  deposi t ion  over   large  areas .  
(Absolute  uniform  deposition i s  ach ieved   on ly   fo r   t he   t r i v i a l  case where the re  i s  no 
energy  deposit ion a t  a l l . )  This i n d i c a t e s   t h a t  a rad ia l   thermal   g rad ien t  w i l l  always 
exist i n  such a l a s e r  volume with  such  irradiation.  Gradient  magnitudes w i l l  vary 
dur ing   i l lumina t ion   un t i l   an   equi l ibr ium i s  establ ished  and w i l l  c a u s e   v a r i a t i o n s   i n  
t he   r e f r ac t ive   i ndex  of t h e   f l u i d  which, i n   t u rn ,   cause   l ens l ike   e f f ec t s  i n  t he  
op t i ca l   cav i ty   t ha t   can   des t roy   op t i ca l   f eedback .  Longer c a v i t i e s   a r e  more s e n s i t i v e  
t o  the   g rad ien t s   i f   o the r   l a se r   pa rame te r s   r ema in  unchanged. The grcwth r a t e  of the  
gradients  can  be  lessened by smaller dye concen t r a t ions ,   i n  which  case a longer 
length i s  needed t o  compensate f o r  loss of opt ical   gain.   Steady-state   gradients  
could  be  minimized by o p t i c a l l y   d e s i g n i n g   s o l a r   r a d i a t i o n   t o   b e   f o c u s e d  more toward 
the   cen te r  of the  tube.   I f ,   s imultaneously,   dye  concentrat ion  were  increased,   total  
power deposi t ion would be  increased. 

The absorbed-power  density dP,/dV in t eg ra t ed   ove r   t he   cy l ind r i ca l  volume of 
the  dye w a s  evaluated  previously.  This information may be  combined with  data  from 
our   laboratory  dye-laser   system  (see  the  appendix)   to   provide  an  es t imate  of t he  
so l a r - concen t r a t ion   f ac to r   r equ i r ed   t o   ope ra t e  a solar-pumped  dye l a s e r   ( l i k e   o u r  
laboratory system) i n  space. 

I f   t h i s  same labora tory   l aser  were i l l umina ted   i n   space   a s   ou r  model theory 
desc r ibes ,   t he   t o t a l  power absorption  as  calculated  from  theory  approximates  the 
absorbed power t h a t  w a s  measured i n   t h e   l a b o r a t o r y  ( 2 6  700 W )  i n   o r d e r   t o   r e a c h  
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l a s ing   t h re sho ld .   kom  th i s   r e l a t ionsh ip   an   e s t ima te  of t he  solar concentration 
r equ i r ed   t o   r each   l a s ing   t h re sho ld  i s  

c =  26 700 n 7 x 10 
5 

0.038 

This i s  about 35 times the  maximum geometrical  solar concen t r a t ion   a t t a inab le   i n  
practice. (The Sun does  not  approximate a poin t   source   wel l   enough  to   ach ieve  
p rac t i ca l   concen t r a t ions   g rea t e r   t han  20  000.) Therefore, a f e a s i b l e  model must 
incorporate  improvements t h a t  compensate f o r   t h e   f a c t o r  35 while  maintaining a s o l a r  
concentrat ion of 20 000. Improvements  can  take  several  forms, some of  which are 
s t a t e d  as follows: ( 1 )  absorpt ion by the  dye mixture  can  be made more e f f i c i e n t  
both  geometr ical ly   and  spectral ly ,  ( 2 )  f luorescent  frequency  conversion may be  used, 
( 3 )   t h e  rhodamine-dye  molecule may be  improved,  and ( 4 )  laser-gain  length  can  be 
increased. Fach of t hese   poss ib l e  improvements w i l l  be  addressed  briefly.  

Recall the  absorbed powers calculated  previously.  These da t a  may be extrapo- 
l a t ed   t o   ve ry   h igh  dye d e n s i t i e s   t o  show that   absorbed power may be increased by a 
f a c t o r  of 1.7 by increas ing  dye concentrat ion.   Conversely,   th is  same fac tor   could  
be  gained  geometrically by mul t ipass   absorp t ion   in   the  same dye concent ra t ion   ra ther  
than by the  single-pass  absorption  of  the model. This f a c t o r  i s  labe led   the  
"geometr ic   absorpt ion  factor"  F . 

g 

Outside  the  absorption band  of a l l  dyes,   f luorescent  frequency  conversion  could 
a l so   be   u sed   t o   t r ans l a t e   i ncoming   r ad ia t ion   i n to   abso rp t ion   bands   ( r e f s .  5 and 6). 
(Fluorescent  frequency  conversion may be  viewed as   nongeometr ic   solar   concentrat ion.  

From a theo re t i ca l   t r ea tmen t  of  dye-laser  threshold,   reference 7 shows t h a t   t h e  
las ing   th reshold  of the  rhodamine 6G molecule  cannot  be  reduced by  more than a f a c t o r  
of 4. This   re fe rence   a l so  shows t h a t   s e l f - t u n e d   c r i t i c a l   i n v e r s i o n  is  inve r se ly  
p ropor t iona l   t o   t he   t h ree - f   ou r ths  power of l a s e r   l e n g t h   ( i f   t r i p l e t   p o p u l a t i o n  i s  
kept  small a n d / o r   c a v i t y   l o s s e s   a r e   s u f f i c i e n t l y   l a r g e ) .  

The product of the  aforementioned  factors must  be grea te r   than  35. That i s ,  

where 

F 
f f luorescent   f requency  conversion  factor  

dye-molecule  factor 

l eng th   f ac to r  

Fm 

F R 

If w e  estimate t h e   f a c t o r s  as follows: 

F = 1.5 
g 

F = 3  
f 

F = 1  
m 

7 



and 

FR > - = 7.77 35 
4.5 

then  FA would  correspond t o  a length  change by a f a c t o r   o f  1 5.41. That is, t h e  
ac t ive   l eng th  of t h e  model laser system  must be 4.72 m t o  achieve a l a s i n g  
threshold.  It i s  p r a c t i c a l l y   i m p o s s i b l e   t o   b u i l d  a solar c o n c e n t r a t o r   t h a t  will 
prov ide   t he   r ad ia t ion  geometry  of th i s   l engthened  model a t  a solar concentrat ion  of  
20  000. Therefore, it i s  n o t   p o s s i b l e   t o   b u i l d  a solar-pumped  dye laser of t h i s  
particular  lengthened  geometry i n  practice. However, another  geometry  that   provides 
t h e   i n c r e a s e d   l e n g t h   ( w i t h   e s s e n t i a l l y   t h e  same laser cavity  and  absorbed-power 
densi ty)   might   be  possible ,   assuming,   of   course,   that   threshold- length  scal ing 
a c t u a l l y   f o l l o w s   t h e o r e t i c a l   p r e d i c t i o n s  a t  t h e  requi red  length.  

CONCLUDING REMARKS 

The i n t e n s i t y  and power d i s t r i b u t i o n   i n s i d e  a c y l i n d r i c a l  dye c e l l  have  been 
ca l cu la t ed   and   p re sen ted   i n   no rma l i zed   fo rm  fo r   app l i ca t ion   t o  a model system  and t o  
o the r  similar systems. Also, t he   r e l evan t   equa t ions  were der ived   and   presented   for  
use  on sys tem  wi th   major   geometr ica l   d i f fe rences  (e.g., nonuniform  i l lumination).  
These equat ions  and  calculat ions  serve as a b a s i s   f o r   i n v e s t i g a t i o n s   i n t o   o t h e r  areas 
of dye-laser  research,  such as  thermal,  thermo-optical, modal,  and op t i ca l   ana lyses .  

For the   par t icu lar   space-based  model  examined h e r e ,   a n a l y s i s  shows t h a t  r ad ia l  
g r a d i e n t s   i n  absorbed-power  deposition ex i s t  and  increase  with  dye  concentrat ion.  
(Radial grad ien ts   cause   l ens l ike  e f fec ts  d e l e t e r i o u s   t o   l a s i n g .  Total-power  deposi- 
t i o n   a l s o   i n c r e a s e s ,  which  suggests   the  exis tence o€ an  "optimum" o p t i c a l  geometry 
where in   rad ia l   g rad ien ts  are minimized  and  total-power  deposition i s  maximized.  Such 
a n  optimum geometry  might  be  achieved by increasing  dye  concentrat ion  and  focusing 
s o l a r   r a d i a t i o n  more toward   t he   cen te r   t o   compensa te   fo r   a t t enua t ion   i n   ou te r   r eg ions  
of  the  tube.  This cal ls  f o r  a p a r t i c u l a r   c o n c e n t r a t o r   d e s i g n   f o r   e a c h   p a r t i c u l a r  dye 
concent ra t ion   and   geometry ,   and   the   resu l tan t   d i s t r ibu t ion   of  power depos i t ion  would 
be   va l id   on ly   for   the   un ique   d i rec t iona l ,  spectral, and  emissive  properties of t h e  
Sun. 

Calcu la t ions  show q u a n t i t a t i v e l y   t h a t  improvements  on t h e   p o s t u l a t e d  model are  
necessary to   reach  las ing  threshold.   Several   possible   improvements  a re  i d e n t i f i e d  
and t h e i r   e f f e c t s  are es t imated   f rom  da ta   here   and   in   re fe renced   l i t e ra ture .  The 
e f f e c t s  are  e s t ima ted   conse rva t ive ly   and   i nd ica t e   t ha t   t he   ac t ive   l eng th  of t h e  model 
laser system  must be 4.72 m ( a t  a so l a r   concen t r a t ion  of 20 000)  t o  achieve   l as ing  
threshold.  Since it is  n o t   p o s s i b l e   t o   a c h i e v e   t h e   r e q u i r e d   s o l a r   c o n c e n t r a t i o n   o v e r  
t h e   r e q u i r e d   l e n g t h   i n  practice, it i s  n o t   p o s s i b l e   t o   b u i l d  a solar-pumped l a s e r  
with  the  geometry  of  the model.  Another  geometry tha t   p rov ides   t he   r equ i r ed   l eng th  
and   concent ra t ion   (wi th   essent ia l ly   unchanged  laser -cavi ty   charac te r i s t ics )   might  be 
poss ib l e  if l a s i n g   t h r e s h o l d   a c t u a l l y   v a r i e s   w i t h   l e n g t h  as theory predicts. 

Langley  Research  Center 
National  Aeronautics  and Space Administration 
Hampton, VA 23665 
April  11, 1984 
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A P P E N D I X  

LABORATORY MEASUREMENTS O F  DYE-LASER MODEL 

The labora tory   l aser  model consisted  of a xenon f l a s h  lamp and  dye-laser  tube 
housed   ins ide   an   a lmost   cy l indr ica l   re f lec t ive   cav i ty .   (Actua l ly ,   the   cav i ty   c ross  
sec t ion  w a s  a n   a l m o s t   c i r c u l a r   e l l i p s e   w i t h   t h e  laser tube a t  one focus and  the   f lash  
lamp a t  the   o ther   focus . )  The f l a s h  lamp was dr iven by a capacit ive  network which 
simulated a transmission  line  and  produced  an  approximate  square wave cu r ren t   pu l se  
of 1 -msec duration. The network was charged t o   v o l t a g e s  as l a rge  as 5 kV and was 
t r igge red  by a pulse   t ransformer  connected  in  series with  the lamp. 

Rhodamine-dye so lu t ion  w a s  c i r c u l a t e d  i n  se r ies   th rough a pump, connection 
tubes ,   l a se r   t ube ,   r e se rvo i r ,   and   f i l t e r .  A l l  mater ia l s   contac t ing   the  dye  were 
Tef lon , '   s ta in less   s tee l ,   and   g lass ,   except   for   the   commerc ia l ly   ava i lab le   f i l t e r  
material t h a t  w a s  unknown. 

The l a se r   t ube  w a s  a cy l indr ica l   Pyrex   g lass   tube  304.8 mm long  with  an  inside 2 

diameter  of 4.0 mm and  an  outside  diameter  of  6.35 mm f i l l e d   w i t h  rhodamine  590, 
methanol ,   water ,   and  cyclo-octatetraene,   an  effect ive  t r iplet-s ta te   quencher .  The 
output   mirror  w a s  1 percent   t ransmissive,   the   rear   mirror  was a lmos t   t o t a l ly   r e f l ec -  
t ive,   and  both  had a 1 O m  radius  of  curvature.  Dye concentrat ion w a s  
1.51 x 1 O1 molecules  per  cubic  mill imeter.  

Energy absorbed by the  dye so lu t ion  was determined  from  volumetric  expansion of 
t h e   s o l u t i o n   a f t e r  a flash-lamp  pulse  and was found t o  be  approximately 26.7 J. 
Thus,  absorbed power dur ing   the  I-msec pulse  was approximately 26 700 W. (Subsequent 
measurements  with  an  improved sys tem ind ica t e   t ha t   t he   abso rbed  power can  be  reduced 
by almost a f a c t o r  of 2. ) 

. .  ~~ 

'Teflon: Trademark of E. I. du Pont  de Nemours & Co. , Inc. 
2Pyrex:  Trademark of Corning  Glass Works. 
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TABLE I.- INTENSITY VALUES 
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0.0391 
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.0416 
.1213 

0.01 76 
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.3842 

0.1943 
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0.0405 
.0717 
.1674 

0.0273 
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.6375 

3.6455 
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.5832 .5 380 
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.3447 .3  256 

3.2969 0.301  3 
.3518 .3644 
.295 2 .2860 

0.2020 0.2067 
.2624 .2770 
.2  642 .2631 

0.1 379 0.1425 
. I988  .2143 
.2430 .2488 

0.0944 0.0987 
.1527 .1681 
.2  269 .2388 

0.0648 0.0686 
.1 185 .1334 
.2140 .2312 

0.0446 0.0479 
.0929 .1069 
.2  028 .2  247 

0.0308 0.0335 
.0733 .0863 
.1928 .2190 

.0582 .0701 

.1836 .2137 

0.9 598 
.947 0 
.5019 
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.6761 
.3730 

0.4456 
.4984 
.3103 

0.3068 
.3778 
.279  2 
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.2930 
.2633 
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F i g u r e  1. - Geometry and variables. 
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Figure  3.- Absorbed-power d e n s i t y  i n  dye. 
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